Abstract Methods of sexing the White-rumped Munia Lonchura striata phaethontoptila were investigated in eastern Taiwan. Twenty-six individuals were captured and their physical parameters were measured in the hand. Distance calls emitted when the birds were released were also recorded. The sex of each bird was confirmed using a DNA sexing method in the laboratory. Among the morphological traits measured, the tails and wings of males were significantly longer than those of females. An increasing stepwise discriminant analysis was performed to determine sex on the basis of morphological characters, however, only 84.0% of individuals were sexed correctly by such analysis. Distance calls of the White-rumped Munia were very similar to those of the Bengalese Finch, Lonchura striata var. domestica, the domesticated strain of the White-rumped Munia. Two distinct distance calls were recorded from birds on release, corresponding to the sexual difference confirmed by DNA testing. It is concluded, therefore, that the difference in distance calls is a useful trait that facilitates separation of the sexes in the field.
Many species of munias (Estrildidae) are sexually monomorphic (Restall 1996) , making it impossible to sex in the field. The White-rumped Munia Lonchura striata is one such monomorphic estrildid species that is widely distributed in South-and Southeast Asia (Paynter 1968; Restall 1996) . Six (Paynter 1968) to eight (Restall 1996) subspecies occur in this region. They inhabit in a wide range of habitats, from open grassland and cultivated land, to human residential area such as urban gardens and parks (Restall 1996) .
Although the White-rumped Munia is a common bird in Asia, little fieldwork has been done on this species (but see Avery 1978 Avery , 1980a Chattopadhyay 1980; Young 1989) . The Bengalese Finch, Lonchura striata var. domestica, is a domesticated strain of the White-rumped Munia (Restall 1996; Honda & Okanoya 1999) , and during the process of domestication, several modifications in coloration and behavior have occurred. In particular, males of the Bengalese Finch sing more complex songs than those of wild White-rumped Munias (Honda & Okanoya 1999) . The Bengalese Finch has been described as having sexually dimorphic distance calls (Yoneda & Okanoya 1991; Okanoya & Kimura 1993) , as has the White-rumped Munia (Restall 1996) . Okanoya et al. (1995) observed a small population of wild White-rumped Munias in Okinawa, Japan, and recorded two types of distance calls that may correspond to the sexually dimorphic calls of the Bengalese Finch. However, neither Restall (1996) nor Okanoya et al. (1995) described the details of sexual differences in distance calls; Restall (1996) did not show sonograms of the calls, and Okanoya et al. (1995) did not confirm the sex of the calling individuals.
In the present study, we investigated the Whiterumped Munia L. s. phaethontoptila in Taiwan, in order to establish a sexing method that can easily be applied in the field. We measured morphological characteristics and examined distance calls by ear in the field so as to sex individuals. The sexual difference in distance calls was confirmed by sonogram. Correct sex was determined in the laboratory (CHD gene analysis), and the accuracy of the two sexing methods (morphology and distance calls) was compared. Since monomorphic White-rumped Munias live in flocks throughout the year (Restall 1996) , being able to sex individuals in the field will be indispensable for researchers investigating their ecology, social system, life-history, and breeding behavior.
METHODS

1) Field measurement of morphological characteristics
Fieldwork was conducted at a site near Antong hot spring (23°16Ј32.3ЉN, 121°20Ј40.0ЉE) in Hualien County, eastern Taiwan, from 16 to 18 February 2002. Antong hot spring is a hilly area, around 260 m above sea level. Mist nets were set in the morning (from 06:00 to 11:00), at a grassland area where a group of White-rumped Munias regularly foraged. The following characters of the birds captured were measured using digital caliipers and a ruler: 1) flattened wing length (FWL), 2) longest tail length (LTL), 3) tarsus length (TSL), 4) entire culmen length (ECL), 5) bill width (BLW), and 6) bill height (BLH). BLW and BLH were measured at the anterior edge of the nostril. Each bird was also weighed (body weight BDW) using a digital balance.
The differences in morphological measurements between males and females were examined using the t-test. In order to establish the probability of successful sex determination using morphological measurements, both discriminant, and stepwise discriminant analyses were performed. SPSS statistical packages (SPSS 1993 (SPSS , 1994 were used for the statistical analyses.
2) Blood sampling and genomic sex determination Small blood samples (20-60 ml) were obtained from each bird for subsequent laboratory analysis to determine sex using the CHD genes of DNA (Griffiths et al. 1996) . In brief, PCR reaction volumes of 50 ml were made up of taq polymerase (Takara), 200 mm of each dNTP, P2, P3 primers, 100 mg of genomic DNA and 0.15 units of taq polymerase. After PCR amplification, the restriction enzyme HaeIII was used to cut 8 ml of PCR product in Promega buffer 3 and 50 ng/ml bovine serum albumin in a total volume of 10 ml. Electrophoresis was then used to detect sexually dimorphic bands (see Fig. 2 ).
3) Sex determination by distance calls
Field determination
When the birds were released, they always gave distance calls. We recorded these calls using a directional gun microphone (AUDIO-TECHNICA AT815b) and a DAT recorder (TASCAM DA-P1). Distance calls were first examined in real-time (i.e., when the birds were released) by ear, by an experienced observer, Hiroko Yamada, who determined the sex of the caller in the field without consulting the DNA or morphological data.
Spectrographic determination
Sex determination, based on hearing calls, was further confirmed by spectrographic observation. Sonograms (sound spectrograms) of the calls were obtained using a digital signal processor (Avisoft version 3.93, SASLab Pro 2002) at a sampling rate of 48 kHz and a Fast Fourier Transform (FFT) size of 512 points (see Fig. 3 ). We counted the number of elements in each call and compared those of males and females determined by the DNA sexing data (see Fig.  2 ).
Individual variation
Individual variation in distance calls by each sex was also analyzed. We were able to record more than one call from several individuals. By taking a Pearson correlation coefficient between two matrices each derived from the sound spectrograph of a distance call, we were able to measure the similarity of the two calls (Avisoft version 3.93, SASLab Pro 2002). Eighteen calls recorded from six males and twelve calls recorded from four females were separately submitted to a furthest neighbor cluster analysis (StatPartner version 2.0, NEC software 1995) and a dendrogram reflecting the similarity among calls was calculated.
RESULTS
1) Morphological analyses
About 50 White-rumped Munias were found feeding on the ground at the study site, where they fed on T. MIZUTA et al. the seed of silver grass Miscanthus sp. In total, 26 birds were captured, measured, and blood samples taken, during three days in February 2002. From the DNA analysis, 13 birds were identified as males, and 13 as females. As one female was molting her tail feathers, measurements of 13 males and 12 females were used for the following morphological analyses. Males had significantly longer tails and wings than females, although considerable overlaps were observed between the sexes Fig. 1 .
The probability of correct discrimination of the preliminary discriminant analysis was 76.0% (19/25). To simplify the function and to distinguish between the sexes more precisely, the increasing stepwise discriminant analysis was performed. Two variables, tail length (LTL) and wing length (FWL), were included in the analysis. The resulting discriminant function is as follows: Dϭ0.32 LTLϩ0.60 FWLϪ43.41 (Wilks' lϭ0.59, c 2 2 ϭ11.55, PϽ0.005; Fig. 1 ).
The two variables contributed to the function significantly (LTL: Wilks' lϭ0.70, F 1,23 ϭ9.92, PϽ 0.005, FWL: Wilks' lϭ0.59, F 2,22 ϭ7.60, PϽ0.005). DϾ0 indicates that the individual is male and DϽ0 indicates that it is female. The probability of correct discrimination among males was 92.3% (12/13), and 75.0% (9/12) among females. For both sexes, the probability was 84.0% (21/25).
2) Genomic sex determination
Genomic DNA from individual White-rumped Munias was cut using the restriction enzyme HaeIII and the resulting electrophoretic bands were used to determine the sex (Fig. 2) . For example, in sample No. 1, the 110 bp band was absent so this was determined as a male. In sample No. 3 the CHD gene product remained and this was identified as a female.
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3) Distance calls
Field determination Distance calls were classified in the field by Hiroko Yamada, based on previous studies of the distance calls of Bengalese Finches (Okanoya & Kimura 1993) and of White-rumped Munias (Okanoya et al. 1995) . She classified a high-pitched, continuous, clear call, as that of the male, and a low-pitched, pulsed, noisy call as that of the female. Based on these calls, we temporarily identified the sex of the 26 individuals captured to be 13 males and 13 females. This classification perfectly matched the DNA sexing data (Fig. 2) .
Spectrographic comparisons and individual variation
Spectrographic analyses and DNA sexing confirmed the subjective classification of male and female calls (Fig. 3) . The average number of elements in the call was one in males and 3.67 in females (Fig.  4) .
Results of the cluster analysis revealed that calls of each individual are quite distinctive, roughly forming one cluster each (Fig. 5 ) both in males and in females. Thus, the distance calls of the White-rumped Munia are not only sexually, but also individually distinctive.
DISCUSSION
To establish an efficient way of sexing wild White- rumped Munias, several physical measurements were made in the hand. Sex was also determined based on the acoustic characteristics of an individual's calls. These measures were compared with the results of sexing based on the CHD gene.
DNA analysis confirmed that the White-rumped Munia gives sexually dimorphic distance calls, as has previously been shown for the domestic Bengalese Finch (Yoneda & Okanoya 1991; Okanoya & Kimura 1993) and as has been suspected of wild Whiterumped Munias (Restall 1996) .
Two morphological characters, wing length and tail length, also differed significantly between males and females, however, there was also considerable overlap in the range of these measurements between the sexes. The increasing stepwise discriminant analysis, using wing and tail measurements, correctly sexed only 84.0% of individuals. The probability of sex discrimination would be even lower during the molting season when tail and wing measurements become less reliable. Therefore, it is concluded that the difference in distance calls is the most useful trait for easily distinguishing sex in the field.
Sexual differences in distance calls have been well studied in one particular estrildid species, the Zebra Finch Taeniopygia guttata. Zann (1984) suggested that the main function of distance calls is to maintain the pair bond throughout the year. The sexual difference in such calls, when compared with monomorphic calls, is thought to double the probability of finding the partner when the pair is separated in vegetation or in a large conspecific flock (Zann 1984) . Blaich et al. (1996) proved Zann's hypothesis by laboratory experiment, by showing that both male and female pair-bonded Zebra Finches used distance calls to initiate and maintain contact with their mates when they were physically separated. Blaich et al. (1996) also observed that unpaired Zebra Finches did not use distance calls to interact with other conspecifics.
The function of distance calls has not yet been described in the White-rumped Munia, however, in the Bengalese Finch, Okanoya and Kimura (1993) showed that the sexual difference in distance calls is readily perceived by conspecifics. In all probability, wild White-rumped Munias are also able to perceive the sexual difference in distance calls. They live in densely vegetated areas and form flocks as Zebra Finches do. It is possible that the distance call of the White-rumped Munia also serve to enable individuals to maintain contact with other flock members that are not in sight.
Given that there is a distinct difference in distance calls between the sexes, and given that the domesticated Bengalese Finch can perceive sexual differences between calls, it is suggested that distance calls in the wild White-rumped Munia allow members of pairs to remain in contact.
We have established that the two different distance calls of males and female White-rumped Munias can be easily perceived by a trained observer in the field. We have also shown, by acoustical analysis, that distance calls are not only sexually dimorphic, but also individually distinctive. It should be possible for a trained observer to identify individuals by call in the field. Thus, the distance call of the White-rumped Munia is a powerful tool during field investigation of this species.
